Background: With limited government-sponsored breast screening programmes in
Over the years, its incidence has steadily risen from 1-in-20 in the 1960s, to 1-in-8 in recent years. 2 With about 571 000 deaths attributed to it in 2015, it is the fifth commonest cause of global cancer deaths. 3 In most developing countries, Government-sponsored screening programmes are virtually non-existent, 4, 5 and empowering women to be "breast aware" is a cheap intervention that can help detect breast cancers early. 4, 6 Unfortunately, breast awareness in most affected countries remains below average levels, 7, 8 with multiple studies revealing that women in these areas have poor knowledge of breast cancer and its associated risk factors. [9] [10] [11] [12] [13] [14] In addition, few women actually practice regular breast self-examination (BSE), 2 which is a key component of being breast aware. This is particularly disappointing given that about 90% of breast cancers are first noticed by patients themselves. 15, 16 Being breast aware can encourage positive behaviours like regular professional breast examinations 17 and improved medical help-seeking attitudes, 10, 18 and can, therefore, help break barriers to breast cancer diagnosis. 19, 20 Therefore, breast cancer public health education campaigns to promote breast awareness is vital in these developing countries. [21] [22] [23] A recent WHO-sanctioned paper 24 invited stakeholders to suggest ways of improving policies, knowledge, and implementation strategies against noncommunicable diseases, which include breast cancers. Our paper indirectly responds to this call and also broadly aligns with the recommendations of another recent publication, 25 which suggested the inclusion of breast cancer prevention strategies into the regular academic curriculum of high school students in developing countries. With their positive attitudes 25 and poor knowledge 4, 25, 26 on breast cancer preventive strategies, these high school girls, who are mainly in their mid to late teens, present a potentially effective intervention point in the fight against breast cancers.
Such targeted programs will arguably be cost-effective and affordable, since regularizing the teachings in schools obviates the need for the traditional, capital-intensive, and often one-off, face-to-face symposia currently employed by health-promoting organisations. This proposed approach will also simultaneously reach out to hundreds of thousands,
if not millions, of young women every year, at little or no extra costs, and would, therefore, be wider-reaching than the current measures, which can only reach a fraction of women at a time because of space limitations.
The foregoing proposal brings up the question of how to ensure that such high school programs will be effective, of good quality, and sustainable. Unfortunately, research-based information that will inform choices are few, and this paper aims to reduce this knowledge gap. Its findings will not only provide health promotion organisations with intervention choices that will save costs and optimize resources but will also provide useful insights into the design of other non-breast cancer interventions in resource-limited economies. The implications are huge for hundreds of millions of at-risk women in developing countries, given that these campaigns remain their only realistic way of fighting breast cancers.
In summary, this paper evaluates two common education delivery techniques that can be used for high schools in developing countries.
The first is the traditional, face-to-face health education campaigns, usually delivered as a lecture, with or without video and electronic teaching aids. The second is the use of printed educational materials that can be delivered as handouts, without the face-to-face teaching.
The 6-month individual impact of these two interventions on the knowledge of breast cancers and the actual practice of BSEs among high school females will be explored. In addition, a comparison between the two techniques will be made. 28 Students in privately owned schools were excluded from this study because their management structure is different, making access to participants difficult.
Based on the aforestated criteria, a total of 24 schools with 432 participants met the study criteria.
| Study design
This is a 6-month longitudinal cohort study, involving pre-intervention and post-intervention surveys. A pre-intervention randomization divided the participants into the two groups of: "attend symposium"
and "not attend symposium," with approximately half of the students from each school eventually participating. To answer the primary research question, the Null Hypothesis was that "Six months after a breast cancer intervention symposium, there would be no improvement in the knowledge and preventive practices among participants who attended, compared to those who did not." This hypothesis was to be rejected if the significance level was ≤0.05.
To ensure that all the research aims were met, an additional set of analysis allowed for the exploration of the direct impact of each of the two education techniques, by analysing (first separately, and then in direct comparison) the "attendees" to the symposium as well as those who "read the paper handouts." The "attendees" included all participants who were at the symposium (even if they later read the handouts), while those who "read the handouts" covered all participants who read them (even if they had earlier attended the symposium).
However, for the direct comparison, only participants that exclusively attended the symposium were compared with those that exclusively read the handouts. It should be noted that the primary analysis, which compared the pre-intervention and post-intervention groups, was done by the "intention to treat" principle, 29 allowing each group to be analysed based on the original intention at randomization (irrespective of whether they later read the handouts).
The Symposium was a 2-hour event, which included a 45-minute PowerPoint-assisted lecture, followed by a 21-minute video on BSE.
To ensure uniformity, the handouts (Data S1 or DS-1) contained essentially the same information as those delivered during the lecture and were distributed days after the symposium.
| The questionnaire
The questionnaires were developed through questions adapted from previous similar publications. 2, 15, 30, 31 The original document was piloted with 20 students in the same class as the targeted participants, who attend schools in a different educational zone of Anambra State.
Inputs from them resulted in the pre-intervention (Data S2 or DS-2) and post-intervention (Data S3 or DS-3) questionnaires.
The pre-study questionnaires were dispatched on 18 September 2017, and returned within 1 week (ahead of the intervention symposium on 29 September 2017). The post-study questionnaires were dispatched on 26 March 2018, approximately 6 months after the intervention and also returned within 1 week. All despatches were through the Zonal Director to the various school principals and then to the eligible students. The return was a reversal of the process.
Where return was not possible within the stated time frame, the questionnaires were not accepted. For the pre-intervention survey, this rejection was necessary so as to avoid contamination of the responses with knowledge garnered during the intervention, while for the post-intervention survey, this was necessary so as not to exceed the 6-month period required for the survey.
The Questionnaire design, as well as the description of the variables used in the analysis, is reported in the TextBox below.
| Data analysis
All analysis was with the IBM® SPSS version 25.0 (SPSS Inc., Chicago, Illinois practice before and after the intervention. The associated changes in "Attitudes" were not explored because it had been established in a related paper 25 that attitudes towards breast cancer and BSE among the pre-intervention respondents were already high. As such, much insight from a post-intervention analysis was not expected.
The second set of Inferential Analysis focused on the postintervention participants only and utilized Binary Logistic Regression (BLR) to separately explore the potential impacts of the two intervention techniques, as well as to directly compare the two techniques.
Text Box: Coding and questionnaire design
Coding: Questions with options of "Yes/Agree", "Not Sure/Unsure" and "No/Disagree" were dichotomized into "correct" for the right ones or "incorrect" for the "wrong and not sure/unsure" responses. The Independent/Predictor variables for this analysis composed of the two identified intervention techniques ("attend symposium" and "read handout"), whereas the Dependent/Outcome variables were the responses ("Correct" versus "Incorrect") to various aspects of Knowledge on "General Issues," "Risk Factors," and "Early Symptoms" of breast cancer, as well as the "Knowledge of BSE," its "Techniques," and its "Actual Practice." The regression analysis generated Odds Ratios (ORs), along with 95% Confidence Intervals (CIs) and Probability (P) values. Only P values of ≤0.05 were accepted as significant. Questionnaire Design: Both the pre-intervention and postintervention questionnaires were divided into four parts, with Part 1 of each being the Introduction, Participant's Information, and Consent. Part 2 collected the basic demographics of the participants, and, in SD-3, also gathered data on the participants' modes of engagement with the Intervention (ie, attend symposium, received handouts, and/or read handouts). Apart from minor re-organizations in the order of the questions, the remainder of the questionnaires were exactly the same for DS1 and DS2. Part 3 focused on the Knowledge, Attitudes, and Practices (KAP) on Breast Cancers and BSE, while Part 4 (not covered in this paper) was concerned with Cervical Cancers. To reduce speculative responses, some questions in Parts 3 and 4 were worded negatively, while others were positive.
| Ethical considerations
Ethical and written notifications were given to the participating school principals, and through them, to the students and their parents.
3 | RESULTS valid responses were received from the pre-intervention and postintervention surveys, respectively. Poorly completed questionnaires, which did not provide enough responses to allow analysis, were excluded ( Table 1) .
| Basic summary
Of the 301 respondents to the post-intervention survey, 133
(44.2%) attended the symposium, while a total of 189 (62.8%) read the handout issued after the symposium (including some who did not attend the symposium).
As shown in Table 1B , about 80 of those who read the handouts did not attend the symposium (read-only), while 21 of those who attended the symposium did not read the handout (attend-only).
There was no difference in the mean ages between the "read-only"
(17.4 ± 1.9) and the "attend-only" (17.0 ± 0.9) groups; t (96) = 0.931,
| Impact of the interventions

A. Knowledge of Breast cancer
Overall, General Knowledge (Table 2A) of the participants remained virtually unchanged, with the proportion who knew that "breast cancer can occur in any woman aged 20 years or more" being 56.5%
and 56.0%, respectively, before and after the intervention, while the proportion of those who knew that "BSE can help detect breast cancer" increased by 3.5%. None of these was statistically significant, with their respective P values being 0.91 and 0.36 (Table 2) .
In contrast, analysis of the specific knowledge on the "risks" and "early symptoms" of breast cancer revealed significant improvements.
As shown in Table 2B , a 19.1% increase was observed regarding "early onset of periods" (P < 0.001), while a 10.7% increase was recorded regarding "having no babies" and their potentials to increase the risks of breast cancer (P = <0.001). Even though an increase of 4.1% was also observed in the level of respondents that correctly identified that a "positive family history" as a breast cancer risk, this was not statistically significant (P = 0.27).
Similarly, responses to the knowledge of early symptoms of breast cancer (Table 2C ) showed significant increases of 18.7% for "breast lumps" (P < 0.001), 24.6% for "lumps in armpits" (P < 0.001), and 12.3% for "unilateral breast discharges" (P = 0.002).
B. Knowledge of BSE, its actual practice, and its techniques
As shown in Table 3A , an increase of 10.8% was observed on the knowledge that "BSE is for all women aged ≥20 years" (P = 0.01), a 13.3% increase was noticed regarding the fact that "BSE should be done monthly" (P = 0.001), while the knowledge that "BSE is best done 7-10 days after onset of periods" was increased by 17.5%
(P = <0.001). Regarding the actual monthly practice of BSE (Table 3 B), a 20.4% increase was observed (P < 0.001). Table 4 , which reveals the findings on specific techniques of BSE, showed increases in the proportions of all the 14 parameters explored, and all but two of them were of statistically significant. The non-significant techniques were on the knowledge that the examining "fingers can be moved in wedges" (P = 0.12) and the need to "examine breast sizes and shapes" (P = 0.16) (Tables 3 and 4) . NB: Only positively worded questions in the two sets of Questionnaires (Part 3 of Data S1 and S2) were included in the analysis.
TABLE 3
Chi-squared analysis of knowledge and monthly practice regarding breast self-examination (BSE) after an awareness intervention for female senior secondary school students in South-eastern Nigeria 
NB:
Only positively worded questions in the two sets of Questionnaires (Part 3 of Supplementary Data or SD 1 and 2) were included in the analysis.
TABLE 4
Chi-squared analysis of knowledge on the techniques of breast self-examination (BSE) after an awareness intervention for female senior secondary school students in South-eastern Nigeria 
NB:
Only positively worded questions in the two sets of Questionnaires (Part 3 of Data S1 and S2) were included in the analysis.
| Comparison of the two intervention techniques
As explained in Section 2, a BLR analysis was carried out for the postintervention responses only. This explored the potential impacts of the respective delivery methods, as well as a head-to-head comparison between them (Table 5) .
A. Attended symposium versus Not attended:
The results for these are all shown in Table 5 . Attendees to the symposium were two times more likely to know that "BSE can help detect breast cancer" (OR = 2.18; P = 0.004). Even though they were also 1.5 times more likely to know that "any woman aged ≥20 years can get breast cancer," this showed borderline significance (OR = 1.51; P = 0.08). The attendees were also more likely to know that lumps in breasts (OR = 2.24; P = 0.002) and axilla (OR = 2.46; p < 0.001),
as well as unilateral nipple discharges (OR = 1.98; P = 0.01), can be symptomatic of early breast cancer.
Regarding the risk factors, they were also more likely to remember that "early onset of periods" (OR = 1.71; P = 0.03), "having no babies" (OR = 2.77; P = 0.002), and "having a positive family history"
(OR = 2.05; P = 0.01), can all increase breast cancer risks.
With respect to BSE, the attendees were more likely to remember that "BSE is recommended for all women aged ≥20 years" (OR = 1.87; P = 0.01) and that it should be "done about a week after the onset of monthly periods" (OR = 3.89; P < 0.001). However, they did not show significantly improved knowledge on the fact that "BSE should be practised monthly" (OR = 1.07; P = 0.83). The actual monthly practice of BSEs was also not increased (OR = 1.44; P = 0.18).
B. Read Handout versus Did Not Read Handout:
These are also shown in Table 5 . Participants who read the handouts were more likely to know that "any woman aged 20 years or more can get breast cancer" (OR = 2.13; P = 0.003) and that "BSE can help detect breast cancer" (OR 1.93; P = 0.01). They were also more likely to know that breast cancer early symptoms might include breast lumps (OR 1.81; P = 0.03), lumps in the armpits (OR 2.59; P < 0.001), and one-sided nipple discharges (OR 2.06; P = 0.01).
Similarly, reading the handouts was associated with improved knowledge of the cancer's risks, including "early onset of periods" (OR 2.34; P = 0.003), "having no babies" (OR 2.31; P = 0.03), and "having a family history of breast cancer" (OR 2.39; P = 0.004).
Participants who read the handouts were also more likely to know that "BSE should be practised by any woman aged ≥20 years" (OR 1.67; P = 0.045) and that it is best done 7-10 days after periods (OR 3.55; P < 0.001). However, just like in the "attend symposium" group, there was no association between reading handouts and the knowledge that BSE should be practised monthly (OR 0.72; P = 0.32), and the monthly practice of BSE was also not significantly improved (OR = 1.52; P = 0.17).
C. Read Handout only versus Attended Symposium only Table 5 also reveals that a direct comparison between the two intervention techniques showed no statistically significant differences on any parameter regarding "General Knowledge," "knowledge of early symptoms," "knowledge of the risk factors," "knowledge of the BSE,"
or the "monthly practice of BSE."
| DISCUSSION
As noted earlier, this paper seeks to determine the 6-month impact of health education interventions on breast cancer knowledge and BSE practices of high school girls, in addition to a head-to-head comparison of two different education techniques. The mixed improvements observed with respect to the knowledge on breast cancers (Table 2 ) is interesting, given that "general Knowledge" was not significantly improved, whereas "specific knowledge" on risks and early symptoms were. Explanations for these may lie in the findings of an earlier but related paper, 25 which observed an already high level of General Knowledge (75.2%) but poor levels on Risk Factors (41.5%) and Early Symptoms (46.1%) among the pre-intervention participants. This would imply that any post-intervention increase in
General Knowledge is unlikely to be raised much higher as it is already close to the "ceiling." It further justifies our decision to exclude "Attitude" (and focus only on "Knowledge" and "Practice")
in analysing the impacts of our interventions, given that "Attitudes"
were already high as well. 25 These observations also further highlight the recommendation from that same earlier paper, 25 which recommended that health campaigners against breast cancers should emphasize more on specific and positive behaviours, rather than on more general or negative ones.
Unsurprisingly, our observations appear to be consistent with the reports from a study of about 3000 Ugandan women, 33 which found a post-intervention increase in the knowledge of specific breast cancer risk factors. That study, however, was not among high school students.
Interestingly, on analysing only the post-intervention group, participants who engaged with one and/or the other of the intervention techniques showed statistical improvements with both general and specific knowledge (shown in Table 5 ). This observation might imply that, even when knowledge is already high, ensuring engagement with breast cancer campaigns (whether by direct teaching or through printed materials) will further improve it and is similar to the findings of a related paper on cervical cancer. 34 We, therefore, recommend that future breast awareness campaigns should endeavour to optimize engagement from the participants, possibly, through post-intervention examinations or quizzes for high school students.
Further analysis of the post-intervention group also reveals no difference with knowledge between the two delivery techniques (face-to-face campaigns or the reading printed materials NB: Only positively worded questions in the two sets of Questionnaires (Part 3 of Data S1 and S2) were included in the analysis.
approach deemed cost-effective, sustainable, wide reaching, and culturally acceptable, provided participant engagement can be guaranteed.
With respect to BSE (Table 3) , there were significant postintervention improvements on its knowledge regarding who BSE is for, when it should be done, how frequently it should be practised, as well as its correct techniques. There was also an improvement with its monthly practice, from 6.1% to 26.5%; χ 2 (1, N = 596) = 46.703, P < 0.001. Surprisingly, though, when only the post-intervention participants were analyzed, participants who were engaged with the intervention (ie, attended and/or read the handouts) still displayed statistically higher knowledge on "who" and "when" BSE should be done compared with those who were not engaged (neither attended nor read them), but the monthly practice of BSE, along with the knowledge of its regularity, lost statistical significance. While it is not clear why this slight difference exists, the observation is very important, as it has revealed that, 6 months after a health intervention, even participants who were engaged with the BSE campaign and still remember all about BSE, may not actively practice it. This further justifies our decision to explore different scenarios in the BLR analysis, given that this important insight might have been missed otherwise.
It is worth noting that multiple studies in Turkey, 35, 37 India, 38 and the United States 17 did find significant increases in BSE practice, at least in the immediate 1 to 2 months after their respective interventions. However, the only study that explored monthly practices of BSE after 12 months of an intervention was an Australian-based survey, 39 and it did find that the expected level of regular BSE practice was not maintained after 12 months. Combined to our own observations, these findings might appear to indicate that, even though BSE awareness campaigns might increase monthly practice in the short term, the level of practice after 6 months (medium term) is mixed, while the long-term impact (12 months or more) may not be sustained.
While this poses a worrying challenge to the sustainability of the teachings for high school students years after they have learnt school, solace can be found in the conclusions from other studies, 40, 41 which reported that repeated education can help transform learned behaviours into habits. Therefore, we suggest that to sustain longterm BSE practices among high school students and other targeted groups, concerned organizations should find ways of repeating their education interventions.
| CONCLUSIONS
Notably, we found that 6 months after the intervention, the participants' knowledge on specific risk factors and early symptoms of the cancer were significantly improved and sustained, while more general, non-specific knowledge was not. Knowledge on BSE was also sustainably increased, but sustained monthly practices were doubtful.
On multiple parameters, the impact of face-to-face teaching was not different from those achieved by intervention delivery through printed materials.
Overall, we conclude that health empowerment interventions to improve breast awareness and the practice of BSEs are generally effective and yield the same outcome irrespective of whether delivery is by face-to-face teaching or through the reading printed information. Ensuring engagement and repetition of the campaigns are major keys to successful medium to long-term outcomes.
| Recommendations
Firstly, we recommend that breast cancer campaigns should be flexible in adopting intervention techniques that are affordable, costeffective, culturally appropriate, and sustainable, given that different approaches are equally effective. Secondly, such campaigns should emphasize more on the specific and positive messages regarding breast cancer and less on general, less specific, and negative ones.
Finally, to ensure that lessons learnt are sustained in the medium to long-term, we suggest that health campaigns should be designed in ways that they can be repeated at intervals or in ways that will regularly remind participants to practice BSEs. For instance, any introduction into the curricula of senior secondary (high) schools should not be a one-off teaching but would be best taught at yearly intervals for the same cohort across the three final classes in high schools.
Also, an assessment or evaluation system should be built into the program in the form of quizzes and examinations, so as to reinforce engagement.
| Study strengths and limitations
One major strength of this work is its ability to explore various aspects of the interventions and make multiple comparisons. This approach led to the discovery that, even with full engagement, participants may still not practice monthly BSEs in the medium to long term. The randomization also helped minimize bias and is considered another strength.
Not identifying the immediate impact of the intervention is one acknowledged limitation of this study. Even though that was not a major aim of the work, such information might have helped assess how the lessons learned from the interventions had changed after a 6-month period. Another limitation was that the study ended only after 6 months rather than 12 months. Unfortunately, prolonging the study would have been technically difficult, given that the participants, already in the final year of their high school, were due to take their graduation examinations just 2 months from when the post-intervention survey took place. Delaying this part of the study might have interfered with their final examinations, or would have resulted in most of the students dropping out of the study.
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